Abstract Boid inclusion body disease (BIBD) is a viral disease of boids caused by reptarenavirus. In this study, tissue from naturally infected boid snakes were homogenized and propagated in African Monkey kidney (Vero) and rat embryonic fibroblast (REF) cells. Virus replication was determined by the presence of cytopathic effect, while viral morphology was observed using transmission electron microscopy. Viral RNA was amplified using RT-PCR with primers specific for the L-segment of reptarenavirus; similarly, quantification of viral replication was done using qPCR at 24-144 h postinfection. Viral cytopathology was characterized by cell rounding and detachment in both Vero and REF cells. The viral morphology showed roundto-pleomorphic particles ranging from 105 to 150 nm which had sand-like granules. Sanger sequencing identified four closely associated reptarenavirus species from 15 (37.5 %) of the total samples tested, and these were named as follows: reptarenavirus UPM-MY 01, 02, 03, and 04. These isolates were phylogenetically closely related to the University Helsinki virus (UHV), Boa Arenavirus NL (ROUTV; BAV), and unidentified reptarenavirus L20 (URAV-L20). Comparison of deduced amino acid sequences further confirmed identities to L-protein of UHV, L-polymerase of BAV and RNA-dependent RNA polymerase of URAV-L20. Viral replication in Vero cells increased steadily from 24 to 72 h and peaked at 144 h. This is the first study in South East Asia to isolate and characterize reptarenavirus in boid snakes with BIBD.
Introduction
Boid inclusion body disease (BIBD) was first identified more than 40 years ago in pythons. However, it was not until the 1990s that it became an important disease of captive snakes worldwide. It is an infectious disease that causes either an acute or a chronic disease in snakes belonging to the Boidae and Pythonidae family. Its clinical signs are mostly associated with the nervous system such as regurgitation, star gazing, torticollis, and dysecdysis. Infected snakes with the presented clinical signs die within days to weeks, while others may become chronic carriers of the virus [4, 10] . For nearly three decades, the causative organism for this disease was thought to be a retrovirus [11] , however, it was just recently that retroviruses were proven to be endogenous to snakes and a new viral species, Arenaviruses were identified to be etiological agent for this deadly disease [17] . Previously, the gold standard for laboratory diagnosis of the disease was through the detection of eosinophilic intracytoplasmic inclusion bodies in peripheral blood cells and tissues. However, not all cases of BIBD show the presence of inclusion bodies in affected cells. Furthermore, with the recent advances in new technologies, more sensitive and confirmatory approaches like next generation sequencing and real-time PCR can detect viral nucleic acid in tissues. Following its first completely sequenced genome from infected snakes, more sequences of reptarenavirus have been reported from different parts of the world such as Finland [7] , Netherland [2] , Brazil [18] , and Germany [1] . Interestingly, owing to their sequences' variations from each other, the virus is now recognized as a highly divergent type. Thus, based on this fact, it was currently proposed to group all snake arenaviruses under the new genus Reptarenavirus with species Alethinophid 1, 2, and 3 in the Arenaviridae family [14] . Recently, Stenglein et al. [16] reported that both the L and S-segments of the reptarenavirus genomes have the capacity to recombine and reassort within its host, resulting in S1-13 and L1-23 segment subtypes of the unidentified reptarenaviruses sequenced in the USA. In addition, multiple subtypes were also identified in the same snake, suggesting the possibility of Arenavirus coinfections in snakes [6] . These new findings have resulted in a 100-fold increase in the existing genome of reptarenavirus in the database and have opened up new avenues to further explore not just reptarenaviruses, but all the members of the Arenaviridae. Since there is a paucity of data about the presence of reptarenavirus in South East Asia, this study was embarked in order to isolate the virus in cell culture and observe its cytopathogenicity as well as to characterize the sequence.
Materials and methods

Cells and reagents
African green monkey kidney fibroblast cells (VERO) and rat embryonic fibroblast cells (REF) were used in this study. Vero cells were cultured in Roswell park memorial institute (RPMI 1640) media with 10 % fetal bovine serum (FBS), while REF were cultured in Dulbecco modified eagle's media (DMEM), containing L-glutamine, HEPES, Penicillin-Streptomycin antibiotic, and 10 % fetal bovine serum. Cells were grown in 25 cm 3 tissue culture flasks in a 37°C incubator with 5 % CO 2 until reaching 60-70 % confluence.
Post mortem examination and histopathological evaluation
A total of 52 carcasses of dead snakes (Table 1) presented to the necropsy unit of the Faculty of Veterinary Medicine, Universiti Putra Malaysia from 2008 to 2013 were used for this study. Out of this number, only samples from 40 snakes were sent for viral isolation by cell culture. All the snakes were necropsied and tissue samples (kidney, liver, heart, and lungs) were fixed in 10 % buffered formalin for histopathology assessment. Hematoxylin-and eosin-stained slides were examined under optical microscopy for the presence of, respectively, histopathological lesions and eosinophilic intracytoplasmic inclusion bodies in the processed tissues.
Viral isolation from tissues
A 10 % (w/v) of tissue homogenate was prepared form the liver, kidney, and lung tissue from each of the 40 snakes in sterile phosphate buffered saline (PBS). The homogenate was collected in a 15 mL tube, sonicated with Soniprep Ò 150 at 6 al for 10 min, and centrifuged at 1500 RPM, 4°C for 10 min (Hettich, Germany). The homogenate was filtered with a 0.45 lm syringe filter and kept at -70°until used. One hundred microliters of the tissues homogenates were inoculated onto confluent (70-80 %) Vero and REF cells in 25 cm 3 flasks and incubated in a 37°C incubator with 5 % CO 2 for 1 h. The monolayer was washed twice with PBS, and RPMI (Vero) or DMEM (REF) containing 2 % FBS was added to the monolayer and incubated at 37°C. The cells were observed daily for changes in morphology and evidence of cytopathic effects (CPE). Flasks showing CPE were withdrawn after 7-10 days, freezethawed three times, and centrifuged at 1500 RPM for 10 min. The homogenate was passed into a fresh confluent cell and observed as stated before. About 4-5 serial passages were carried out as described in the first passage, and observations were recorded.. 
Virus purification
Flasks with infected cells from the fourth passage were freeze-thawed three times, sonicated for 10 min, and centrifuged at 6000 RPM, 4°C for 30 min (Beckman J2-21M, USA). The supernatant was collected in fresh 50-mL tubes and centrifuged at 20,000 RPM, 4°C for 2 h (Beckman Coulter, Avanti J-26S XPi, USA). The resulting pellet was collected, resuspended in PBS, and layered on a sucrose gradient made up about 10, 20, 30, 40, and 50 % sucrose concentration. The sucrose gradient was then centrifuged using an ultra-centrifuge at 40,000 RPM, 4°C for 2 h (Beckman Coulter, Optima XPN-100, USA). Resulting bands were carefully aspirated, transferred into a new tube, and dissolved in PBS. The solution was further centrifuged at 40,000 RPM, 4°C for 4 h (Beckman Coulter, Optima XPN-100, USA), and the resultant pellet was collected, resuspended in PBS, and kept at -70°C until further use [7] .
Electron microscopy
Virus detection was done using transmission electron microscopy (TEM) after negative staining. Fifty microliters of purified virus suspension was mixed with 50 lL of uranyl acetate stain, and copper grid was placed inside it and allowed to stay for 30 min. The grid was taken and allowed to dry in a chamber. The stained grid was observed using a Philips CM-12 transmission electron microscope, and images were captured.
Primer design
Primer sequences for PCR and qRT-PCR were designed from aligned consensus sequences of existing reptarenavirus L-segment whole genome sequences obtained from the GenBank. Complete L-segment sequences of Boa arenavirus NL (BAV-NL), California academy of sciences virus (CAS), golden gate virus (GGV), and unidentified reptarenavirus L20 (URAV-L20) were retrieved from the GenBank and aligned using the ClustalW program in BioEdit Sequence Alignment Editor Program (http://www.mbio.ncsu.edu/ BioEdit/bioedit.html). A consensus sequence generated from the alignment was exported to the primer quest tool (http:// sg.idtdna.com/Primerquest/Home/Index) and primers for both PCR and qPCR were designed.
Viral nucleic acid extraction, RT-PCR amplification, and gel electrophoresis
Viral ribonucleic acid (RNA) was extracted from infected cell culture using FavorPrep TM Viral Nucleic Acid Extraction Kit, according to the manufacturer's instructions. RT-PCR amplification was done using MyTaq TM One-Step RT-PCR kit (Bioline, U.K). Five microliter of RNA template was used in a reaction mixture containing 25 lL of 2 9 MyTaq TM One-Step mix (dNTP, MgCl, andTaq polymerase), 2 lL of each forward and reverse primers (400 nM): CON-F1-TTG AAT CCA GCC CAC AGT AAT A and CON-R1-GAG CCG ATA CTA GCA GAC TTT C; 0.5 lL reverse transcriptase enzyme, 1 lL Ribosafe RNase inhibitor, and RNase free water to make up 50 lL of the reaction volume. Amplification was done using a Biorad Thermal cycler with the following cycling protocol; Reverse transcription at 45°C for 30 min, polymerase activation at 95°C for 1 min, 40 cycles of Denaturation at 95°C for 10 s, annealing at 53.5°C for 10 s, and extension at 72°C for 30 s. A final extension was done at 72°for 5 min. The amplified PCR product was run on a 1.5 % agarose gel, stained with GelSafe Ò and viewed using an ultraviolet transluminator.
PCR product sequencing and phylogenetic analysis
The PCR product obtained from positive samples were sent for DNA sequencing using Sanger sequencing on the Applied Bio-systems 3730XL Genetic Analyzer (My TACG Bioscience Enterprise). Sequence data obtained was analyzed using the Applied Bio-systems, DNA Sequence Analysis Software v5.2 with KB Base caller. The sequences obtained were compared to data in the GenBank (National Center for Biotechnology Information, Bethesda, Maryland 20894, USA) using blastn and blastp options. Multiple alignments of nucleotide sequences were created using the ClustalW algorithm of the BioEdit Sequence Alignment Editor program. The phylogenetic relationships for the nucleic acid and deduced amino acid sequences were constructed with identical sequences obtained from blastn and a blastp search results of UPM isolates in the Genbank using maximum composite likelihood, and the phylogenetic trees were constructed using the Tamura Nei model (nucleic acid) and Poisson model (deduced amino acids), with neighborjoining algorithm at 1000 bootstrap replicates and a support threshold of 50 % (MEGA software version 6.0).
qPCR for viral quantification in cells
Real-time PCR was carried out on the ABI StepOne Ò Plus using SensiFast TM SYBR Ò Hi-ROX kit. The standard curve dilutions were made from positive cDNA samples from infected reptarenavirus cell culture. The samples and standards were set up in a 20-lL reaction volume containing; 10 lL 2 9 SensiFast TM SYBR Ò Hi-ROX mix, 10 lM each of forward and reverse primers (CONQ2-F-CACCATA CCTGCTGTGATGT, CONQ2-R-GTCAGACTTTCCCT CAGACTTG), 6.4 lL water, and 2 lL cDNA. A three-step cycling protocol consisting of 95°C polymerase activation for 2 min and 40-cycle amplification consisting of 95°C for 5 s, 53°C for 10 s, and 72°C for 15 s was run. A meltcurve step was added at the end of the cycles. The sample CT was used to determine the viral cDNA concentration from the standard curve, and the viral cDNA counts were expressed in Log 10 concentrations.
Results
Viral cytopathic effect, histopathology, and viral morphology
Evidences of viral-associated cytopathic effects (CPE) were observed in both REF and Vero cells after 48 and 72 h, respectively (Fig. 1) . CPE was mostly characterized by cellular detaching and rounding in both cells. A total of 25 (62.5 %) of the samples showed CPE in cell culture after three successive passages, while 15 (37.5 %) did not show any CPE in cell.
Histopathological evaluation of tissue samples from the snakes identified eosinophilic intracytoplasmic inclusion bodies from 15 (37.5 %) of the samples which previously exhibited CPE in cell culture and none of those without CPE ( Fig. 2 ; Table 2 ). Inclusion bodies were more commonly observed in the kidneys than in the liver, and none were seen in the lungs.The viral morphology was pleomorphic and the sizes ranged from 105 to 150 nm. Sandlike granules were observed within the viral core, while the nucleocapsid was visible (Fig. 3) .
RT-PCR amplification, and phylogenetic analysis
Reverse transcriptase PCR (RT-PCR) using primers that targeted a 821-bp region of the L-segment showed positive amplification from 15 (37.5 %) samples that showed CPE in cell culture as well as inclusion bodies in tissue sections. None of the samples with the absence of inclusion bodies in tissues showed positive PCR amplification despite Phylogenetic trees for nucleic acid and deduced amino acid were constructed with sequences that showed the highest identity during blastn and blastp search results from the Genbank. The phylogenetic tree of the partial nucleic acid segments showed closed associations of our sequences with Boa Arenavirus NL isolate 3 (ROUTV) from the Netherlands, UHV-1, 2, and 3 from Helsinki; and unidentified reptarenavirus L20 from the United States of America (Fig. 4) .
Using the deduced amino acids, respective associations with L-protein and L-polymerase from Boa Arenavirus NL isolate 3, RNA-dependent RNA polymerase; and L-polymerase from UHV-2, 3; and L-polymerase from unidentified reptarenavirus L20 were also observed (Fig. 5) .
A summary of the snake species showing frequency of viral CPE, inclusion body detection, and PCR amplification results is shown in Table 2 .
The nucleic acid percentage identity matrix for reptarenaviruses: UPM-MY 01, 02, 03, and 04 showed over 95 % identity to Boa arenavirus NL isolate 3, UHV-1, 3, 4; and unidentified reptarenavirus L20, while identities of [55 and [48 % were observed with GGV and CAS, respectively. However, an identity of only \40 % was observed with the mammarenaviruses: LCMV, LASV, and Junín virus (Table 3) .
Similarly, the deduced amino acid percentage identity matrix of reptarenavirus UPM-MY 01, 02, 03, and 04 had high identities ([95 %) with RNA-dependent RNA polymerase of UHV and L-polymerase of unidentified reptarenavirus L20, but very low identities (\15 %) with Boid arenavirus and Boa arenavirus NL. Similarly, there were low identities with L-protein and L-polymerase of LCMV, LASV, and Junin virus, while identities of \36 and \47 % were observed with CAS and GGV, respectively (Table 4) .
qPCR quantification of reptarenavirus UPM/MY in vero cells
The viral copies of reptarenavirus UPM/MY increased gradually in cell culture from 24 to 72 h, with a slight decline at 96 h, and increases in 120 and 144 h (Fig. 6 ).
Discussion
Recently, there has been a growing interest in reptarenavirus, and numerous research studies have reported this newly assigned genus in snakes with BIBD. This study reports, for the first time, the isolation and molecular detection of reptarenavirus in South East Asia. Arenaviruses were first isolated in snakes with inclusion body disease in 2012 [17] . Following this, researchers in the Netherlands and Finland reported similar findings in snakes infected with BIBD [2, 7] . However, the most intriguing finding from these new reptile-associated arenavirus is their ability to reassort and reassemble resulting in different genotypes as was recently reported [16] . In this study, the viral size and morphology we observed at electron microscopy concur with previous reports on arenavirus morphology, which states their expected sizes to be between 50 and 300 nm [14, 15] . Similarly, sand-like particles which are a distinct feature of the virus was also observed. Furthermore, histologically eosinophilic intracytoplasmic inclusion bodies were also observed in snakes with positive PCR detection.
Over the past few years, several isolation and identification studies have confirmed the presence of arenavirus in snakes with inclusion body disease resulting in the successful isolations of GGV and UHV in cell culture [1-3, 7, 8, 17] . Similarly, mammalian (Vero, Vero E6, A549, and BHK-21 cell lines), reptilian (Viper and Iguana heart), and arthropod (tick cell line, RAE/CTVM1, and BME/ CTVM2) cell lines have been shown to support replication of this virus without any distinct cytopathology, except for the presence of intracytoplasmic inclusion bodies. In these studies, viral titers were confirmed using real-time PCR 1 week post-infection in vitro which disappeared afterward [6, 17] . Here, we observed viral-associated cytopathic effects in Vero and REF cell line for all the four isolates. This behavior of the virus in these mammalian cells may be attributed to the strain since reptarenaviruses have been shown to reassort and reassemble their genome structure. However, a complete genome segment will be required in order to confirm this. Nonetheless, based on the available partial sequences from the L-segment, the nucleotide identity matrix showed that all four isolates were closely related to each other and with previously reported Reptarenavirus species: Boa arenavirus NL (ROUTV); UHV-1, 3, and 4; and unidentified reptarenavirus L20. In previous studies, both old and new world arenaviruses have shown evidences of viral mutation and change in pathogenesis after passage in cell lines. These changes were attributed to mutations resulting from amino acid substitutions in both L and S segments [19] . Even though our study only amplified partial sequences from the L-segment of the virus, the phylogenetic analysis from the nucleotide and deduced amino acid sequence showed a clear identity with members of Alethinophid 3 (UHV and BAV-NL) and low identities with CAS and GGV [6] . The arenavirus L-polymerase is said to be responsible for transcribing viral mRNA and replicating the genome. It contains four conserved domains and interacts with the Z-protein and nucleoprotein (NP) [9, 13] . The difference in the amino acid sequences observed here may have contributed to the variation in viral cytopathology observed in both cell lines. Besides, since most arenaviruses are considered non-cytopathogeneic or having limited cytopathogenic effects in cells, viral cytopathology may also be attributed to viral replication resulting in cellular lysis or due to disruption of cellular metabolic activities from reactive oxygen species (ROS) production, which in turn impairs ATP production [5] . In a recent study, Junín virus, which is known to be non-cytopathogenic to endothelial cells, was shown to induce increased vascular permeability due to disruption of adherens junction [12] . This shows that viruses that were initially throught to be non-cytopathogenic may exhibit cytopathic effects in selected cell lines.
As was reported recently, different reptarenavirus strains can coexist in the same snake due to their high reassortment and reassembly capacity, thus resulting in coinfection of multiple genotypes within the same host [6, 16] . In this study, we did not detect multiple sequence variants in the samples analyzed. This could be due to the specificity of the primers used, as most studies detecting reptarenavirus genotypes employed the use of next generation-sequencing technology. There is the possibility of identifying multiple genotypes from our samples through de-novo sequencing. With the proposed renaming of reptile arenavirus under the genus reptarenavirus, comprising three species: Alethinophid 1, 2, and 3 reptarenaviruses, our preliminary isolates will be grouped together with ROUT virus (ROUTV) and the University of Helsinki virus (UHV), under the species alethinophid 3, reptarenavirus [6] .
